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LARGE BORE INTRODUCER WITH
IMPROVED SEAL

RELATED APPLICATION

This claims the benefit of U.S. Provisional App. No.
61/679,504, filed 3 Aug. 2012, which is hereby incorporated

by reference herein in 1ts entirety.

TECHNICAL FIELD

The present disclosure relates generally to accessing
tissue punctures, and more particularly, to methods and
systems for creating a sealed interface between an introducer
and a device delivered through the introducer.

BACKGROUND

Various surgical procedures are routinely carried out
intravascularly or intraluminally. For example, 1n the treat-
ment of vascular disease, such as arteriosclerosis, 1t 1s a
common practice to access the artery and insert an instru-
ment (e.g., a balloon or other type of catheter) to carry out
a procedure within the artery. Such procedures usually
involve the percutaneous puncture of the artery so that an
introducer (also referred to as an introducer sheath and an
insertion sheath) may be placed 1n the artery and thereafter
istruments (e.g., catheters) may pass through the imntroducer
to an operative position within the artery.

The 1ntroducer 1s typically designed to penetrate the skin
and wall of the blood vessel and be positioned within the
blood vessel so that surgical implements and medical
devices may be advanced and withdrawn through the 1ntro-
ducer. In this way, even when multiple surgical implements
and medical devices are used 1n a single procedure, there 1s
a single placement of the mtroducer through the skin and
vessel wall.

Introducers typically include valves that prevent back
flow of blood through the introducer while permitting
advancement of the surgical implements and medical
devices to the vessel. Introducer valves are typically cat-
cgorized as passive or active. A passive valve generally
relies on the deformation of a resilient sealing member by
the implement or medical device that 1s inserted through the
valve to form the desired fluid-tight seal. An active valve
typically includes a mechanism that moves a sealing mem-
ber 1into contact with the implement or medical device.

Whether active or passive, valves generally sufler from a
common disadvantage of failing to provide an eflective
hemostatic seal with a wide range of sizes of implements and
medical devices that are advanced through the valve. Pas-
sive valves tend to impose substantial friction forces on at
least some types of implements and medical devices (e.g.,
larger devices), thereby making 1t difficult for the user to
isert and withdraw the implement or medical device rela-
tive to the mtroducer. Moving parts 1n an active valve have
greater potential for failure.

The complexity of common endovascular surgical proce-
dures has placed heightened demands on the ability of the
introducer to provide a seal with a variety of implements and
medical devices. It 1s common to have a range in size for
such implements and medical devices from various small
guidewires (0.01 inch diameter) to relatively large dilators
and other implements (e.g., 5 French (F) to 20 F).
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Opportunities exist for improving such sealing members,
especially i large bore introducers (e.g., 18 F) through

which different sized and shaped devices are delivered into
a patient.

SUMMARY

One aspect of the present disclosure relates to an intro-
ducer that includes a housing and a flexible seal. The
housing includes a hub, a cap, and a lumen. The flexible seal
1s positioned across the lumen and retained between the hub
and the cap. The flexible seal includes a top surface and a
bottom surface, a bottom slit formed 1n the bottom surface,
and a top slit formed in the top surface. The top slit crosses
or overlaps the bottom slit. The flexible seal 1s biased by an
interface between the hub and the cap to at least partially
close the top slit and at least partially open the bottom slit.

At least one of the first and second slits may have a
contoured shape when opened. The bottom slit may be
arranged perpendicular to the top slit. The top and bottom
slits may each have a depth less than one half of a thickness
of the flexible seal. The hub may include a protrusion that
biases the flexible seal proximally. The flexible seal may
comprise silicone. The flexible seal may include an integral,
single-piece construction. The hub and cap may be posi-
tioned at a proximal end of the housing. The top slit may be
biased completely closed.

Another aspect of the present disclosure relates to a seal
member for use 1n an introducer. The seal member includes
a first surface having a first slit that extends through a first
partial thickness of the seal member. The seal member also
includes a second surface opposed to the first surface and
having a second slit. The second slit extends through a
second partial thickness of the seal member. The first and
second slits are oriented substantially perpendicular to each
other.

The first and second slits may overlap. The first and
second partial thicknesses may be no greater than 50% of the
thickness of the seal member. The seal member may be
circular shaped. A continuous portion of the seal member
thickness may extend between the first and second slits at a
location where the first and second slits overlap.

A Tfurther aspect of the present disclosure relates to a
method of assembling an itroducer. The method 1ncludes
providing a hub, a cap, and a seal member, wherein the seal
member has first and second slits formed in opposing top
and bottom surfaces thereof, and the first and second slits
extend through a partial thickness of the seal member. The
method also 1includes compressing the seal member between
the hub and the cap to at least partially open the bottom slit
and at least partially close the top slit.

At least one of the hub and the cap may include a
protrusion that biases the seal member proximally when
compressing the seal member. The first and second slits may
extend through no more than one halt of the thickness of the
seal member. The introducer may include a lumen, and the
seal member extends across the lumen to seal the lumen.

Another example method relates to accessing a body
cavity. The method includes providing an introducer, a
guidewire, and a dilator. The introducer has a lumen and a
seal member extending across in the lumen. The seal mem-
ber has a first slit formed 1n a first surface thereof and a
second slit formed 1n second surface thereof. The first and
second slits extend through a partial thickness of the sealing
member. The method includes inserting the introducer
through a tissue puncture and into the cavity, and inserting
one of the guidewire and the dilator through the lumen and
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the first and second slits of the seal member and into the
cavity. The seal member provides a seal around a peripheral
surface of the guidewire or dilator.

Inserting the guidewire or dilator may tear through the
seal member to pass from the bottom slit to the top slit. The
introducer may include a hub and a cap, and the seal member
1s compressed between the hub and cap to at least partially
close the first slit and at least partially open the second slit.

The foregoing and other features, utilities, and advantages
of the invention will be apparent from the following detailed
description with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate various embodi-
ments of the present disclosure and are a part of the
specification. The 1illustrated embodiments are merely
examples and do not limit the scope of the mvention.

FIG. 1 1s a perspective view of an example introducer in
accordance with the present disclosure

FIG. 2 1s an exploded perspective view of the introducer
of FIG. 1.

FIG. 3 1s an end view of a hub of the introducer of FIG.
1.

FIG. 4A 15 a cross-sectional view of the hub of FIG. 3
taken along cross-section indicators 4A-4A.

FIG. 4B 1s a close-up view of the hub of FIG. 4A.

FIG. 5 1s an end view of a cap of the mtroducer of FIG.
1

FIG. 6A 1s a cross-sectional view of the cap of FIG. 5
taken along cross-section indicator 6 A-6A.

FIG. 6B 1s a close-up view of the cap of FIG. 6A.

FIG. 7 1s a front view of a sealing member of the
introducer of FIG. 1.

FIG. 8 1s a rear view of the sealing member of FIG. 7.

FIG. 9 1s a cross-sectional view of the sealing member of
FIG. 7 taken along cross-section indicators 9-9.

FI1G. 10 1s a cross-sectional view of the introducer of FIG.
1 with the sealing member 1n an uncompressed position.

FI1G. 11 1s a cross-sectional view of the introducer of FIG.
1 with the sealing member 1n a compressed position.

FIG. 11 A 1s a close-up view of the sealing member of FIG.
11.

FIG. 11B 1s a close-up view of another example sealing
member arrangement in accordance with the present disclo-
sure.

FIG. 12 1s a perspective view of the introducer of FIG. 1
with a dilator inserted therein.

FIG. 13 1s a side view of the dilator and sealing member
show 1 FIG. 12.

FIG. 14 A shows the introducer of FIG. 1 with a guidewire
extending through the sealing member 1n a first position.

FIG. 14B shows the introducer and guidewire of FIG.
14 A with the gmdewire 1n a second position.

FIG. 15 shows the introducer of FIG. 1 with a pair of
guidewires extending through the sealing member.

FIGS. 16A and 16B show a sealing member according to
the prior art.

FIGS. 17A and 17B show another sealing member
according to the prior art.

Throughout the drawings, i1dentical reference numbers
designate similar, but not necessarily i1dentical, elements.

DETAILED DESCRIPTION

The apparatuses and methods disclosed herein may be
used to access percutaneous punctures made through a body
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layer of a patient to gain access to a body cavity. Access
through a percutaneous puncture allows a physician to carry
out various procedures in or through the body cavity for
examination, surgery, treatment and the like. While not
meant to be limiting, the systems are 1llustrated being used
to access percutaneous punctures in blood vessels 1n patients
for various procedures. It will be appreciated that the appa-
ratuses and methods are applicable to other procedures
requiring access to a puncture through body tissue nto a
cavity including, for example, laparoscopic surgery and
other microscopic surgery techniques using a relatively
small 1incision. Applications of access apparatuses and meth-
ods 1including those implementing principles described
herein include access of a percutaneous puncture or icision
in tissue separating two internal portions of a living body,
such as punctures or incisions 1 blood vessels, ducts or
lumens, gall bladders, livers, hearts, etc.

As used 1n this specification and the appended claims, the
terms “engage” and “engagable” are used broadly to mean
interlock, mesh, or contact between two structures or
devices. Likewise “disengage” or “disengagable” means to
remove or capable of being removed from interlock, mesh,
or contact. A “tube” 1s an elongated device with a passage-
way. The passageway may be enclosed or open (e.g., a
trough). A “lumen” refers to any open space or cavity 1n a
bodily organ, especially in a blood vessel. The words
“including” and “having,” as well as their derivatives, as
used 1n the specification, including the claims, have the same
meaning as the word “comprising.”

One aspect of the present disclosure relates to an 1ntro-
ducer configured to provide a sealed interface with instru-
ments of different sizes that extend through the introducer.
For example, the imtroducer may provide a sealed interface
with an instrument as large as a 20 French dilator, and after
removal of the dilator provide a sealed interface with a
relatively small guidewire of less than 0.03 1nch in diameter.
The introducer may include a flexible seal positioned across
a lumen that extends through the introducer. The flexible
seal may include multiple slits formed therein. The slits may
be positioned on opposing primary surfaces of the flexible
seal. The slits may extend through only a partial thickness of
the tlexible seal. The partial thickness may be less than one
haltf of the thickness of the flexible seal. The slits may
Criss-cross or overlap when viewed from one of the primary
surfaces (e.g., a front or rear of the flexible seal). An
instrument inserted through the flexible seal may pass
through one of the slits, through an unbroken or continuous
portion of the flexible seal, and into the second slit. The
unbroken, continuous portion of the flexible seal positioned
between the first and second slits may be referred to as a slit
interface. An intersection or overlap point of the first and
second slits as viewed from the front or rear of the flexible
seal may also be referred to as the slit interface.

The tlexible seal may be captured between a hub and cap
of the mtroducer. At least one of the hub and cap may
include a biasing member that biases the flexible seal into a
bowed position (e.g., concave or convex). This bowed
position may close the slit on one surtace of the flexible seal
and open the slit on the opposing surface of the flexible seal.
The slit that 1s open may be facing an entrance into the
introducer to promote easier insertion of the instrument
through the flexible seal. The closed slit may provide
enhanced sealing around the perimeter or peripheral surface
of the instrument as the instrument passes through the
flexible seal. Tightening the cap against the hub may further
compress the flexible seal thereby increasing the bowed
shape of the sealing member and aflecting the opened/closed
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state of the slits. Releasing the cap away from the hub may
permit the sealing member to move to a rest or uncom-
pressed position. The first and second slits may have the
same opened/closed position when 1n the rest position.

Referring now to FIGS. 1-11, an example introducer 10 1s
shown 1ncluding a housing assembly 12 and a seal member
14. The housing assembly may include a hub 20, a cap 22,
an insertion portion 24, a lumen 26 extending through the
hub 20 and insertion portion 24, a port 28, and a plurality of
tasteners 29. The housing assembly 12 captures the seal
member 14 between the hub 20 and cap 22. The seal member
14 may provide a sealed interface between the introducer
and an instrument that 1s inserted through the seal member
14 and 1nto a cavity (e.g., a vessel) into which the itroducer
10 1s positioned.

FIGS. 2-4B show the hub 20 having a cap interface 30, a
seal biasing member 32, and a plurality of hub fastener bores
34. FIGS. 4A and 4B show the seal biasing member 32

positioned within the hub 20 at a location that contacts a
primary suriace of the seal member 14 to help capture the
seal member between the hub 20 and cap 22. The seal
biasing member 32 may have a tapered portion (e.g., pointed
portion) that contacts the seal member 14. The seal biasing
member 32 may extend continuously around the hub 20. The
fasteners 29 extend into the hub fastener bores 34.

Referring to FIGS. 2 and 5-6B, the cap 22 includes a hub

interface 40, a seal support 42, a plurality of cap fastener
bores 44, and an entrance aperture 46. The seal support 42
1s aligned with the seal biasing member 32 as shown in least
FIGS. 10 and 11. The seal support 42 may be arranged along
a peripheral edge of the seal member 14. In some arrange-
ments, the seal support 42 1s positioned radially outward
from the seal biasing member 32. The fasteners 29 extend
through the cap fastener bores 44 to secure the cap 22 to the
hub 20.

The seal member 14 may be held 1n an uncompressed
position wherein a first slit 54 (also referred to as a top slit)
and a second slit 56 (also referred to as a bottom slit) have
the same opened or closed position as shown 1n FIG. 10. The
seal biasing member 32 1s positioned radially inward from

the circumierential edge of the seal member 14 and the seal
support 42. The radially offset position of the seal biasing
member 32 may make it possible to apply a biasing force on
the seal member 14 that tends to bow a center portion of the
seal member 14 away from the entrance aperture 46 of cap
22, as shown 1n FIGS. 11 and 11A. As the cap 22 1s moved
towards the hub 20 (e.g., the tighter the cap 22 1s secured to
the hub 20), additional biasing force 1s applied by the seal
biasing member 32 to the seal member 14. The fasteners 29
may be adjusted to change a position of the cap 22 relative
to the hub 20 thereby adjusting the biasing force applied to
the seal member 14 by the seal biasing member 32. The
biasing force tends to close the first slit 54 and open the
second slit 56 as shown 1n FIG. 11A. Increasing the biasing
torce further opens the second slit 56 and more tightly closes
the first slit 54.

In other arrangements, seal biasing member 32 and seal
support 42 may be structured to bow the seal member 14 1n
an opposite direction as shown 1 FIG. 11B. Moving the cap
22 further toward the hub 20 1n the embodiment of FIG. 11B
opens the first slit 54 and closes the second slit 56.

The cap 22 may be connected to the hub 20 using other
connecting features 1 place of the fasteners 29. For
example, the cap 22 may be connected to the hub 20 with a
threaded interface between the cap 22 and hub 20. Alterna-
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tively, other connection methods may be used such as, for
example, ultrasonic welding, adhesives, heat welding, or
laser welding.

Referring again to FIGS. 2 and 4A, the insertion portion
24 includes distal and proximal ends 48, 49. The distal end
48 15 mserted through a tissue layer and vessel wall and into
a vessel. Once the distal end 48 1s positioned in the vessel,
blood tends to backilow 1nto the lumen 26. The seal member
14 stops the blood from flowing out of the ntroducer 10.

Referring now to FIGS. 7-9, the seal member 14 includes
first and second surtaces 50, 52, first and second slits 54, 56,
and a slit interface 38. The slit interface 58 1s defined at an
intersection or overlap of the first and second slits 54, 56 as
shown 1 FIGS. 7-9. The slit iterface 38 may include a
portion of unbroken, continuous material of the seal member
14 between the first and second slits 54, 56 as shown 1n FIG.
9. The slit interface 58 may be arranged at or adjacent to a
central axis of the seal member 14.

The first and second slits 54, 56 may include first and
second slit depths D, D,, respectively. The first and second
slit depths D,, D, may each be less than the total thickness
T of the seal member 14. In one arrangement, the thickness
T 1s 1n a range of about 0.01 inches to about 0.1 inches, and
more preferably in the range of about 0.05 inches to about
0.08 1inches. The first and second slits D,, D, are typically in
the range of about 20% to about 50% of the total thickness
T, and more preferably 1in the range of about 40% to about
45% of the thickness T. In some arrangements, the first and
second slits D,, D, are substantially the same. In other
arrangements, one of the first and second slits D,, D, 1s
greater than the other. In at least one arrangement, the first
and second slits D,, D, 1s greater than 50% of the total
thickness T.

The first and second slits 54, 56 may have lengths L, L,
respectively. The lengths L, L, are typically less the maxi-
mum width W, of the seal member 14. The lengths L, L,
may be substantially the same. Alternatively, one of the L,
L., may be greater than the other length.

The seal member may comprise a polymer material such
as silicone or other elastic material. In one example, the
material of the seal member has a durometer in the range of
about 20 A to 30 A.

The seal member may be formed in any desired manner.
In at least one example, the seal member 1s cast into a disk
shape. Other forming methods include molding and cutting
from a sheet of maternial. The thickness T of the seal member
may vary across the width W,. The variable thickness may
provide a contoured shape across at least one of the first and
second surfaces 50, 52. The variable thickness may be
formed in the seal member 14 using machining techniques
such as, for example, milling, or may be formed as part of
a molding or casting process.

The first and second slits 54, 56 may be formed in the seal
member 14 as part of the formation of the seal member 14
(c.g., as part of the casting or molding process). Alterna-
tively, the first and second slits 54, 56 may be formed by
cutting or milling after formation of the seal member 14.

The first and second slits 54, 56 may be arranged gener-
ally perpendicular to each other. Other angle orientations
may be possible mncluding, for example, orientations in the
range of about 30° to about 90°.

As discussed above, the cap 22 may be adjusted relative
to hub 20 to provide variable amounts of compression 1n the
seal member 14. Adjusting compression of seal member 14
may adjust the open or closed state of the first and second
slits 34, 56. In one example, the cap 22 1s adjusted to provide
compression of the seal member 14 1n a range of about 2%
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to about 20%, and more preferably in the range of about 2%
to 5%. The amount of compression may be optimized for
opening and closing the first and second slits 54, 56 based
on a number of variables including, for example, the thick-
ness T, the first and second slit depths D, , D.,, the slit lengths
L,, L,, and the width W, of the seal member 14. Other

variables may include the type of material and 1ts durometer,
whether the seal member has a variable thickness, and the
structure and location of the seal biasing member 32 and seal
support 42.

Referring now to FIG. 12, a dilator 80 1s shown inserted
through the introducer for positioning within a vessel punc-
ture. The dilator 80 has a width W, that is less than the width
W, of the seal member 14. FIG. 12 shows the seal interface

between the seal member 14 and dilator 80. Inserting the
dilator 80 through seal member 14 ruptures the slit interface
58 to connect the first and second slits 54, 56. Surfaces of the
first and second slits 54, 56 along the first and second slit
depths D,, D, contact the outer surface of the dilator 80 to
enhance the seal interface therebetween.

The first and second slits 34, 56 may form flaps 55 of
material (see FIG. 13) that seal along the outer surface of the
dilator 80 or any other object that 1s mserted through the seal
member 14. The flaps 35 may help seal gaps 155, 255 that
otherwise exist around a dilator 80 that extends through slits
154 and 2354, 256 1in prior art seal members 114, 214,
respectively, as shown m FIGS. 16 A-16B and 17A-17B.

FIGS. 14 A and 14B show a first gmidewire 82 extending
through the seal member 14. The first guidewire 82 may be
adjusted 1nto various angled positions as shown 1 FIGS.
14A and 14B and a seal 1s still maintained with the seal
member 14. Typically, the first guidewire 82 1s positioned
extending through the slit interface 38 so that portions of the
seal member 14 that define the first and second slits 54, 56
and the flaps 35 contact the first guidewire 82.

FI1G. 15 shows a pair of first and second guidewires 82, 84
extending through the seal member 14. The seal member 14
may provide a sealed interface with the first and second
guidewires 82, 84 regardless of the angled orientation of the
first and second guidewires 82, 84. The first and second
guidewires 82, 84 typically both pass through the slit inter-
tace 38. Portions of the seal member 14 that define the first
and second slits 54, 56 and tlaps 55 contact each of the first
and second guidewires 82, 84.

The orientation, size and shape of the first and second slits
54, 56 may improve a sealed interface with any instrument
that 1s inserted through the seal member 14 regardless of the
s1ze and shape of the mstrument, the combination of 1nstru-
ments extending through the seal member 14, and the order
in which the instruments are inserted through and removed
from the seal member 14. For example, the relatively large
dilator 80 may be inserted through the seal member 14 to
treat the patient. The dilator 80 ruptures the slit interface 58
to provide communication between the first and second slits
54, 56 along substantially an entire length L,, L, of both the
first and second slits 54, 56. After the dilator 80 1s removed,
the first and/or second gu1dew1re 82, 84 may be mserted
through the seal member 14. Even though the slit interface
58 has been ruptured and the first and second slits 54, 56
extend from the first surface 50 to the second surface 52
along substantially their entire L,, L, the seal member 14 1s
typically able to maintain a sealed interface with the first and
second guidewires 82, 84. The first and second guidewires
82, 84 may be removed and replaced with other instruments,
or other istruments may be inserted along with the first and
second guidewires 82, 84 and the seal member 14 may
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continue to maintain the sealed interface with any of those
instruments extending through the seal member 14.

The preceding description has been presented only to
illustrate and describe exemplary embodiments of the inven-
tion. It 1s not intended to be exhaustive or to limit the
invention to any precise form disclosed. Many modifications
and variations are possible 1n light of the above teaching. It
1s intended that the scope of the invention be defined by the
following claims.

What 1s claimed 1s:

1. An mtroducer, comprising:

a housing having a hub, a cap, and a lumen;

a flexible seal positioned across the lumen and retained
between the hub and the cap, the flexible seal compris-
ng:

a top surface and a bottom surface;

a bottom slit formed 1n the bottom surtace, the bottom
slit having a bottom slit length;

a top slit formed 1n the top surface, the top slit having
a top slit length, the top and bottom slit lengths being
arranged 1n an overlapping criss-cross shape;

wherein the flexible seal 1s biased by an interface
between the hub and the cap 1n a manner at least
partially closing the top slit, at least partially opening
the bottom slit, and bowing the flexible seal 1n a
direction defined along a longitudinal axis extending
through the lumen of the housing.

2. The introducer of claim 1, wherein at least one of the
bottom and top slits has a contoured shape when opened.

3. The introducer of claim 1, wherein the bottom slit 1s
arranged perpendicular to the top slit.

4. The introducer of claim 1, wherein the top and bottom
slits each have a depth less than one half of a thickness of
the flexible seal.

5. The introducer of claim 1, wherein the hub comprises
a protrusion that biases the flexible seal proximally.

6. The introducer of claim 1, wherein the flexible seal
comprises silicone.

7. The introducer of claim 1, wherein the flexible seal
includes an itegral, single-piece construction.

8. The introducer of claim 1, wherein the hub and cap are
positioned at a proximal end of the housing.

9. The introducer of claim 1, wherein the top slit 1s biased
completely closed.

10. A seal member for use in an introducer, the seal
member comprising:

a first surface having a first slit, the first slit extending
through a first partial thickness of the seal member, the
first surface being bowed;

a second surface opposed to the first surface and having
a second slit, the second slit extending through a second
partial thickness of the seal member, the second surface
being bowed;

wherein the first and second slits each have lengths that
are oriented substantially perpendicular to each other
and criss-crossing each other.

11. The seal member of claim 10, wherein the first and

second slits overlap.

12. The seal member of claim 11, wherein a continuous
portion of a thickness of the seal member extends between
the first and second slits at a location where the first and
second slits overlap.

13. The seal member of claim 10, wherein the first and
second partial thicknesses are no greater than 50% of a
thickness of the seal member.

14. The seal member of claim 10, wherein the seal
member 1s circular shaped.
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15. A method of assembling an introducer, comprising:

providing a hub, a cap, and a seal member, the seal

member having first and second slits formed 1n oppos-
ing top and bottom surfaces thereot, the first and second
slits extending through a partial thickness of the seal
member, the first slit having a first slit length, the
second slit having a second slit length, the first and
second slit lengths overlapping and criss-crossing each
other;

compressing the seal member between the hub and the

cap 1n a manner at least partially closing the first slit, at

least partially opening the second slit, and bowing the
seal member 1n a direction perpendicular to the top and
bottom surfaces.

16. The method of claim 15, wherein at least one of the
hub and the cap includes a protrusion that biases the seal
member proximally when compressing the seal member.

17. The method of claim 15, wherein the first and second
slits extend through no more than one half of a thickness of
the seal member.

18. The method of claim 15, wherein the introducer
includes a lumen, and the seal member extends across the
lumen to seal the lumen.

19. A method of accessing a body cavity, comprising:

providing an introducer, a guidewire, and a dilator, the

introducer having a lumen and a seal member extend-
ing across the lumen, the seal member having a first slit
formed 1n a first surface thereof and a second slit
formed 1n a second surface thereof, the first and second
surfaces being bowed, the first and second slits each
extending through a partial thickness of the seal mem-
ber, the first and second slits overlapping and criss-
crossing each other to form a slit interface, wherein the
seal member 1s compressed 1n a direction perpendicular
to the first and second surfaces;

inserting the introducer through a tissue puncture and 1nto

the body cavity;

inserting one of the guidewire and the dilator through the

lumen and the first and second slits of the seal member
and 1nto the body cavity, the seal member providing a

seal around a peripheral surface of the guidewire or
dilator.
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20. The method of claim 19, wherein inserting the guide-
wire or dilator tears through the seal member to pass from
the first slit to the second slit.

21. The method of claim 19, wherein the introducer
comprises a hub and a cap, the seal member being com-
pressed between the hub and cap to at least partially close
the first slit and at least partially open the second slit.

22. An mtroducer, comprising:
a housing having a hub, a cap, and a lumen;

a tlexible seal positioned across the lumen and retained

between the hub and the cap, the tlexible seal compris-
ng:

a top surface and a bottom surface;
a bottom slit formed 1n the bottom surface;

a top slit formed 1n the top surface, the top and bottom
slits being arranged 1n an overlapping criss-cross
shape;

wherein the tflexible seal 1s biased by an interface between

the hub and the cap 1n a manner at least partially closing
the top slit, at least partially opening the bottom slit,
and bowing the tlexible seal in a direction defined along
a longitudinal axis extending through the lumen of the
housing, wherein the hub comprises a protrusion that
proximally biases the flexible seal.

23. A method of assembling an introducer, comprising;

providing a hub, a cap, and a seal member, the seal

member having first and second slits formed 1n oppos-
ing top and bottom surfaces thereof, the first and second
slits extending through a partial thickness of the seal
member, the first and second slits overlapping and
criss-crossing each other;

compressing the seal member between the hub and the

cap 1n a manner at least partially closing the first slit, at
least partially opening the second slit, and bowing the
seal member 1n a direction perpendicular to the top and
bottom surfaces, wherein at least one of the hub and the

cap 1includes a protrusion that proximally biases the seal
member when compressing the seal member.
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